The first two authors contributed equally to this study This study is to explore the effectiveness and mechanism ofkaempferol on treatment of hepatic fibrosis induced by schistosoma egg. Thirty-six healthy male balb/c mice were randomly divided into 6 groups, including negative group, positive group, and 4 different dosages of kaempferol treatment groups. Each mouse was infected with 20 schistosoma Cercariae japonicum, except the ones in the negative group. Four weeks later, every infected mouse was administrated with 500mg/kg/day praziquantel for 2 days, and all kaempferol groups were followed by a 4-week administration of kaempferol with 5, 10, 15 and 20mg/kg/day respectively, while both control groups were administrated with normal saline. All the mice were sacrificed on the 59th day after infection. The liver tissues were taken for Masson staining to detect collagen and real-time quantitative PCR to detect the mRNA expression of IL-13, collagen 1 and MMP-2. As a result, Masson stain showed that the optical density of the interested region in the positive group was significantly higher than that in the negative group (P<O.OI), and the optical density in all kaempferol groups was significantly lower than that in the positive group (P<0.05 or P<O.OI). Real-time PCR showed that the mRNA expression of IL-13 in the positive group was significantly higher than that in the negative group (P<O.OI), and the expression of IL-13 in the 20mg/kg and 15mg/kg kaempferol groups was significantly lower than that in the positive group, respectively (P<0.05). The mRNA expression of collagen 1 in the positive group was significantly higher than that in the negative group (P<O.OI), and mRNA expression of collagen 1 in the 20mg/kg kaempferol group was significantly lower than that in the positive group (P<0.05). There were no significant differences between the positive and negative groups on mRNA expression of MMP-2. The mRNA expression of MMP-2 in
all kaempferol groups was significantly higher than that in the positive group (P<O.OS or P<O.Ol). In conclusion, kaempferol can ameliorate schistosoma egg-induced hepatic fibrosis via regulating the IL-13 signal pathway. Kaempferol is very likely to be an IL-13 targeted anti-fibrosis medicine.
Schistosomal hepatic fibrosis, the outcome of immune response to schistosoma eggs invading the liver, is the primary pathological change in schistosomiasis (I). During the process, the dynamic equilibrium of composing and decomposing the collagen is broken, which causes aggregation of extracellular matrix proteins (ECMPs) and formation of fibrosis. Type 1 and 3 collagens contribute most to the fiber deposition in schistosoma egg-induced hepatic fibrosis (2) . The deposition reaches peak at the IO" week and then slowly decreases and the disease enters the chronic stage (3) .
Parasite eggs induce a Th2 response characterized by production of IL-4, IL-5 and IL-13, alternative activation of macrophages and recruitment of eosinophils (4) . It has been confirmed that IL-13, a Th2 cytokine, is a crucial pre-fibrosis factor in schistosoma egg-induced hepatic fibrosis (5) . IL-13 activates the fibrosis process via both transforming growth factor-B1(TGF-~1)and non-TGF-~1pathway although TGF-~1 is an acknowledged primary factor of activating hepatic satellite cells (HSC) in the hepatic fibrosis signal pathway (6) . When liver diseases occur, the signaling networks offibrogenesis regulate deposition of extracellular matrix (ECM) and the cascade of responses drives activation of HSCs into a myofibroblast-like phenotype that is contractile, proliferative and fibrogenic (7) . Then collagen and other ECM components are deposited as the liver generates a wound-healing response to encapsulate injury (7) . In this process, matrix metalloproteinases (MMP) are key elements in the formation, remodeling and degradation of matrix protein, especially MMP-2, a factor which decomposes the collagen (8) .
Praziquantel is the preferred medicine to treat schistosomiasis at present, but there are some obvious defects in this treatment. It kills adult schistosoma, but the effect on schistosomula and egg is extremely weak (9) . Furthermore, the eggs in the liver and intestinal tissue persist due to protection of egg granuloma (9) . Although the eggs will be disintegrated and calcified (10) and praziquantel has some anti-fibrosis effect (11), the fibrosis continues to develop with unclear mechanism. So we need an anti-fibrosis medicine for post-parasiticide treatment. Which, unfortunately, to date does not exist.
It has been documented that herbs have certain anti-fibrosis effect, however, the mechanism is not defined. Kaempferol (C 1sH t P 6) is a compound existing in many daily foods (such as broccoli) (12) . Many studies showed that kaempferol holds antioxidant, anti-inflammatory, anti-bacterial, neural and cardiovascular protecting effect (13) , while there is no report regarding whether kaempferol has an anti-fibrosis effect in schistosoma egg-induced hepatic fibrosis. In our study, we clarify the efficacy of kaempferol for anti-fibrosis in mouse model with Schistosomajaponicum egg infection.
MATERIALS AND METHODS

Chemicals and reagents
Praziquantel was provided by the Schistosomiasis Control Institute of Hubei province. Kaempferol (purity~95%) was purchased from Xi'an Feida biotechnology limited company. Masson stain kit was purchased from Baso Biotech Company, Zhuhai, China. The primers were synthesized by Invitrogen China. RNAiso was obtained from Takara. Chloroform was from Sinopharm, China. Iopropanol was from Sinopharm, China. The real-time RT-PCR kit was bought from Takara.
Animals
Thirty-six 8-week-old SPF male balb/c mice weighing 20-25 g were purchased from Beijing Fukang Biotech Ltd. The cercariae were provided by parasite section of Tongji Medical College, Huazhong University of Science and Technology. The feeding of animals was referred to our previous studies (14, 15) . All study protocols were approved by internationally accepted principles and the Guidelines for the Care and Use of Laboratory Animals of Huazhong University of Science and Technology (16) .
Model establishment
The 36 male balb/c mice were adaptively fed in 22°_ 25°C temperature and 50%-60% humidity for one week, after which 30 mice were intraperitoneally injected with 10% chloral hydrate (300mg/kg) for anesthesia, and then fixed on the frames. The slides with 20 cercariae were put on the abdominal skin for 20 min. Four weeks after infection, each mouse was intragastrically administrated with 500mg/kg praziquantel, once per day for 2 days to eliminate the effects of the parasite to the experiment and raise the survival rate of the mice. The 24 mice were then randomly divided into 4 kaempferol groups intragastrically administrated with different doses of kaempferol for 4 weeks. The groups were 5mg/kg, 10mg/kg, 15mg/kg and 20mg/kg kaempferol group, in which the mice were administrated with kaempferol 5mg/kg, 10mg/kg, 15mg/ kg and 20mg/kg once per day for 4 weeks, respectively, while the remaining 6 mice were in the positive group with normal saline once per day for 4 weeks. The additional 6 mice were put into the negative group, only with normal saline without any praziquantel and kaempferol treatment. On the 59 th day post-infection, all the mice were sacrificed. The left liver lobes were fixed in 10% parafonnaldehyde solution for embedding and slicing, and the remaining liver tissue was stored at -80°C until use.
Masson staining
The Masson staining was carried out according to the manufacturer's instructions. The pathological changes were observed according to our previous studies on pathological observations (17) .
Real-time quantitative RT-PCR
The protocol of PCR was referred to our previous experiments (18) . The first step was to extract total RNA. 50-I00 mg fresh liver tissue was homogenized in I ml RNAiso solution, and transferred into a centrifuge tube. After keeping the samples at the room temperature for 5 min, 0.2 ml chloroform was added and the samples were centrifuged and shaken until the solutions became milky. Then the solutions were kept at room temperature for 2-3 min and centrifuged at 12,000 rpm for 15 min at 4°C. The top liquid layer (400 Ill) was then transferred to a new 1.5 ml centrifuge tube and 400 IIIisopropanol were added and mildly mixed. After being kept at room temperature for 10 min, the mixture was centrifuged at 12,000 rpm for 10 min at 4°C Then the supernatant was carefully removed and I ml of 75% cold ethanol was added and the solution was centrifuged at 12,000 rpm for 5 min at 4°C. The supernatant was discarded and the precipitate was dried by leaving the tube open for several minutes and then was dissolved with 50 III RNase-free water. After that, the template cDNA was Synthesized and real-time quantitative RT-PCR was carried out according to the manufacturer's instructions. 
Statistical analyses
The data are expressed as the means ± SD. Comparisons between groups were made using the unpaired t-test or chisquare test. All data were analyzed by SPSS I 2.0 software pack with P < 0.05 as the minimum significant level.
RESULTS
Model evaluation
Four weeks after infection, stool character changed including loose stools or pus and blood stool were observed in model mice, among which upper gastric bleeding was observed in 3 mice. No mouse died until the final sacrifice. Different degrees of abdominal distention were observed in the mice in the positive group and kaempferol groups, while no obvious abdominal distention was observed in the negative group. There were small granules on the dark red liver surfaces of mice in the positive and kaempferol groups, while the livers from mice in the negative group were fresh red and the surfaces were smooth.
Masson staining
The structure of hepatic lobules in mice in the negative group was intact and the cell cords were regularly distributed. In the positive group, schistosoma eggs and granules were visible, with obvious fibrosis around those eggs and granules extending from inside to interlobular space. In the kaempferol groups, schistosoma eggs and granules were similar to those in the positive group but appeared smaller (Fig. I) . The optical densities of slices in the positive group were significantly higher than those in the negative group (P<O.O 1) and the light densities of all 4 kaempferol groups were lower than those in the positive group (P<O.05 or P<O.Ol) (Fig. 2) .
The mRNA expression ofIL-13
The expression ofIL-13 in the positive group was significantly higher than that in the negati ve group (P<O.OI). The expression of IL-13 in kaempferol 20mg /kg and 15mg/kg group s was significantly lower than that in the positive group (P<O.05), whil e the expression of IL-13 in the kaempferol IOmg/ kg and 5mg/kg groups and pos itive group was not significantly different (Fig. 3) .
The mRNA expression of collagen 1
The expression of collagen I in the positive group was significantly higher than that in the negative group (P<O.Ol). The expression of collagen 1 in the kaempferol 20mg/kg group was significantly lower than that in the positive group (P<O.05) but there were no significant differences between the other kaempferol groups and the positive group (Fig. 4) .
The mRNA expression ofMMP-2
There was no significant difference of MMP-2 expression between the negative and positive groups. The MMP-2 expression in all 4 kaempferol groups were significantly higher than that in the positive group (P<O.05 or P<O.O 1) (Fig. 5) , however, no linear relationship was observed among the 4 kaempferol groups.
DISCUSSION
Schistosomiasis is one of the most serious parasitic diseases worldwide (19) . The main pathological change of hepatic fibrosis is caused by the mature schistosoma eggs that invade the liver via the portal venous system and the immune response induced by the eggs and granuloma (20) . The nature of hepatic fibrosis is a faster synthesis rate than decomposition rate of collagen. Normally, the synthesis and decomposition of collagen is in dynamic equilibrium. When schistosoma eggs invade the liver, soluble egg antigen (SEA) is secreted and released into liver tissue via the microporous egg shell. The SEA induces specific immune response which forms granuloma and hepatic fibrosis (21) .
IL-13 is the key factor in many T2 cytokinerelated pathological changes. In mouse model with schistosoma infection, although IL-4, IL-5, IL-10 and IL-13 regulate the granulomatous reaction in different ways, it is generally considered that IL-13 should be the core cytokine in schistosoma egg-induced hepatic fibrosis (22) . IL-13 activates HSC and stimulates HSC to secrete cytokines that induce hepatic fibrosis (23) . An increase in IL-13 expression accelerates the hepatic fibrosis process, while a decrease of IL-13 expression inhibits the process (24) . The mRNA expression ofIL-13 in the positive control group was significantly higher than that in the negative control group. Different dosages of kaempferol that down-regulated the mRNA expression ofIL-13 in liver tissue indicated that 15-20mg/kg kaempferol might have anti-fibrosis effect via inhibiting the synthesis of IL-13.
Collagen 1 is one of the main products of schistosoma egg-induced hepatic fibrosis (25) . An increase of expression of collagen 1 indicates exacerbation of fibrosis, while a decrease represents alleviation of fibrosis. The mRNA expression of collagen 1 in the positive group was significantly higher than that in the negative group. It could be implied that 20mg/kg dosage of kaempferol might have an anti-fibrosis effect via inhibiting the synthesis of collagen.
MMP-2 is a collagenase that decomposes collagen (26) . An increase of MMP-2 expression accelerates the decomposition of collagen, while a decrease of MMP-2 expression decelerates the decomposition (27) . There was no significant difference between the mRNA expression in the positive group and the negative group, which indicated that MMP-2 was not involved in formation of schistosoma egginduced hepatic fibrosis. Each dosage of kaempferol could raise the mRNA expression ofMMP-2, which indicated that kaempferol might have an antifibrosis effect via promoting synthesis of MMP-2 to accelerate decomposition of collagen.
It could be pointed out that there was no significant effect of kaempferol in low dosage on the mRNA expression of either IL-13 or collagen 1, while Masson staining and MMP-2 mRNA expression showed each dosage group of kaempferol had different anti-fibrosis effects, which indicated that low dosage kaempferol accelerated the decomposition of collagen via up-regulating the MMP-2 expression but had relatively weak anti-fibrosis effect. When the dosage of kaempferol reached 15mg/kg, the synthesis of IL-13 was inhibited. When the dosage of kaempferol reached 20mg/kg, the expression of collagen 1 decreased significantly. Further investigation needs to be carried out to define protein expression of the above cytokines.
In conclusion, Kaempferol ameliorates the schistosoma egg-induced hepatic fibrosis. Kaempferol may show anti-schistosoma egginduced fibrosis effectiveness via down-regulating the mRNA expression of IL-13 and collagen 1 to inhibit the synthesis of collagen, and up-regulating the mRNA expression of MMP-2 to promote the degradation of collagen. Kaempferol is very likely an IL-13 and MMP-2 targeted anti-fibrosis medicine.
